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In this paper we describe an experimental study. In this article 
discussed is abrasion resistance of the compound teeth which are 
intended to complement defects of porcelain teeth and those of 
resin teeth each other. Namely, compound teeth were made from 
P.M.M.A. porcelain powder and raw materials for porcelain teeth. 
These teeth were subjected to rotation abrasion test to find out 
abrasion resistance and to clarify effectiveness of compound teeth 
made from organic and inorganic materials. 
It was found that the following; 
1) It has been found that compound teeth of P.M.M.A. with 10 wt.% 
feldspar powder has excellent abrasion resistance from practical 
point of view. 
2) It is possible to make compound teeth having abrasion resistance 
about 10 times as much of P.M.M.A. teeth. 
1. INTRODUCTION 
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Artificial teeth, among which porcelain teeth and resin teeth are 
widely used, are made as substitute for natural teeth. D Porcelain 
teeth are superior to resin teeth in respect of hardness and abrasion 
resistance and do not lose color, but it is rather complicated to self-
manufacture and process them. Furthermore, adhesion of artificial teeth 
by resin for P.M.M.A. bed is less effective: they easily break and give 
unnatural feeling by causing uncomfortable noise in the mouth cavity.~ 
Teeth made of P.M.M.A. resin have wide range of applications, are easy 
to use and can be bonded to denture base without securing device. It is 
also easy to grind and adjust the form. It is likewise easy for the 
dentists to manufacture the resin teeth by mixing powder and liquid, 
but these teeth are inferior in respect of abrasion resistance and 
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hardness.~ In this article discussed is abrasion resistance of the 
compound teeth which are intended to complement defects of porcelain 
teeth 0 and those of resin teeth each other.~ ~ Namely, compound 
teeth were made from P.M.M.A. porcelain powder and raw materials for 
porcelain teeth. These teeth were subjected to rotation abrasion test 
to find out abrasion resistance and to clarify effectiveness of com-
pound teeth made from organic and inorganic materials. 
2. EXPERIMENTAL METHOD AND MATERIAL 
Specimens were prepared by using P.M.M.A. as organic material and 
high fusing porcelain powder together with its raw materials consisting 
of china-clay, silica and feldspar as inorganic materials. Above-
mentioned inorganic materials were mixed with organic material by 10, 
20 and 30 wt.% and hot-pressed at 100°c for 40 minutes under molding 
pressure of 115kg/cm2 to obtain 12 kinds of compound teeth. Specimens 
were of long rectangular shape of 50 x 10 x 2 mm and stowed in thermo-
hygrostat for 2 hours under 50°c to remove residual strain, thence 
their surfaces were cleaned by petroleum benzine. An adversary in 
abrasion test was a mild steel cylinder of 36mm and 30mm in outside 
and inside diameters respectively, abrasion surface of which was 
finished with #700 emery paper and cleaned with petroleum benzine 
before using for the test. Fig.l shows the equipment, with which 
abrasion quantity, frictional force and temperature on frictional 
<D Specimen 
@ Cylinder of mild steel 
Q) Thermocouple 
® Spring 
® Recorder 
~ Differential transmission 
Fig.l Schematic arrangement of the 
friction and wear test apparatus. 
50 
Cylinder of mild steel 
Fig.2 Dimension of specimen 
and cylinder of mild steel. 
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surface can be measured and recorded simultaneously, continuously and 
automatically.~ ~ Abrasion quantity in terms of decrease in thickness 
of specimen CD was measured by differential transe ®, frictional 
force in terms of frictional torque between specimen and mild steel 
cylinder 0 was measured by strain gauge attached to leaf spring 0, 
and temperature on frictional surface was measured by a thermocouple CD 
set O.3mrn under the surface of the mild steel cylinder. Electrically 
converted quantities were simultaneously recorded by mUlti-pen recorder 
CD. Fig.2 shows the dimensions of specimen and cylinder of mild steel. 
3. EXPERIMENTAL RESULTS AND CONSIDERATION 
A sample of curves of abrasion progress as recorded by the recorder 
is shown in Fig.3, from which it is known that the abrasion is of the 
steady abrasion state which progresses in proportion to abrasion length 
from initial abrasion state. Fig.4 shows abrasion curve of simple sub-
stance of P.M.M.A., from which it is observed that abrasion increases 
in proportion to progress of time and that frictional force and surface 
temperature fall gradually into equilibrium state from initial abrasion 
state. Figs.5,6,7 and 8 show results of abrasion tests of compound teeth 
with porcelain teeth powder of less than 60~, china-clay of less than 
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Fig.4 Abrasion, frictional force 
and temperature vs. time for 
P.M.M.A.; load, l2kg/cm2 , 
velocity, 52cm/sec. 
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Fig.5 Abrasion, 
frictional for-
ce and tempera-
ture vs. time 
for porcelain/ 
P.M.M.A. compo-
site material; 
load, l2kg/cm 2 , 
velocity, 52cm/ 
sec. 
Fig.6 Abrasion, 
frictional for-
ce and tempera-
ture vs. time 
for china-clay/ 
P.M.M.A. compo-
site material; 
load, l2kg/cm2 , 
velocity, 52cm/ 
sec. 
Fig.? Abrasion, 
frictional for-
ce and tempera-
ture vs. time 
for feldspar/ 
P.M.M.A. compo-
site material; 
load, 12kg/cm2, 
velocity, 52cm/ 
sec. 
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Table 1 Abrasion effect on the composite teeth. 
Composite Abrasion ( mm) 
teeth Friction time 20 (min.) 40 60 100 
P.M.M.A. 0.217 0.342 0.433 -
PM.M.A. 10(wt.%) 301t154 (71% \ 0.160 (47%) 0.221 (51%) 0.378 
+ 20 -- 0.072 (21%) 0.081 (17%) 0.118 Porcelain 
30 0.027(12%) 0.033(10%) 0.042 (10%) 0.063 
10 0.217tlCXJYc;) 0.303 (8golo) -- --PM.M.A. 
+ 20 0.118(54%) 0.200 (5golo 0.257(59%) 0.354 Chincrclay 30 -- 0.078(23%) 0.100 (23%) 0.124 
P.M.M.A. 10 3Oo.'~38(18%\ 0.040(12%) 0.048 (11%) 0.072 
+ 20 0.038 {18%} 0.039 (11%) 0.054 (13%) 0.076 Feldspar 
30 0.039(18%) 0.040 M2%) 0.053 (13%) 0.078 
PM.M.A. 10 0.087(41%) 0.169 (49%) 0.233(54%) --+ 
Silica 30 -- 0.048 (14%) 0.054 (13%) 0.075 
60W, feldspar of less than 60W, and silica powder of less than 80W. 
Table 1 is the summary of experiment results, from which abrasion quan-
tity in proportion to progress of time and relationship between mixing 
ratio of inorganic materials and abrasion ratio are known. Namely, por-
celain teeth powder and silica powder have similar tendency of little 
abrasion, both abrasion quantity and change in proportion to progress 
of time of feldspar is very little, and those of china-clay is big. 
Effect in accordance with mixing ratio of porcelain teeth powder, china-
clay powder and silica powder is big, while that of feldspar is small. 
Compound of feldspar in 10 wt.% showed abrasion of 11% against P.M.M.A. 
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(a) Deformation by the normal force 
Fig.9 The friction and 
abrasion of the compo-
site teeth materials. 
(a) Before abrasion test; P .M.M. A. 
(c) Before abrasion test; porce-
lain(30 wt. %)/P.M.M.A. compo-
site material 
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(b) Deformation by the normal force 
and shearing force 
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(c) Abrasion after the deformation 
(b) After abrasion test; P.M.M.A., 
load, l2kg/cm 2 , velocity, 52cm/ 
sec., time, 70min. 
(d) After abrasion test; porce-
lain(30 wt. %)/P.M.M.A. compo-
site material, load, l2kg/ cm 2 , 
velocity, 52cm/sec., time, 
190min. 
Photo.l Surface appearances of abrasion test specimens. 
(e) Before abrasion test; china-
clay(30 wt. %)/P.M.M.A. compo-
site material 
(g) Before abrasion test; feld-
spar(30 wt. %)/P.M.M .A. compo-
site material 
(i) Before abrasion test; s~lica 
(30 wt. %)/P.M.M.A. composlte 
material 
(f) After abrasion test; china-
clay(30 wt. %)/P.M.M.A. compo-
site material, load, l2kg/cm 2 , 
velocity, 52cm/sec., time, 
l70min. 
(h) After abrasion test; feld-
spar(30 wt. %)/P.M.M.A. compo-
site material, load, l2kg/cm 2 , 
velocity, 52cm/ sec., time, 
l30min. 
(j) After abrasion test; silica 
(30 wt. %)/P.M.M.A. composite 
material, load, l2kg/cm 2 , 
velocity, 52cm/sec., time, 
l80min. 
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in 60 minutes, while compounds of porcelain teeth and silica showed 
abrasion of 51% and 54% respectively. Therefore, it has been found that 
compound teeth of P.M.M.A. with 10 wt.% feldspar powder has excellent 
abrasion resistance from practical point of view. Fig.9 shows a schema-
tic illustration of the friction and abrasion of the composite teeth 
materials~ and Photo.l show abrasion surfaces of the composite materials 
observed by scanning electron microscope. 
4. CONCLUSION 
The following summary can be made from the "results of the present 
experiments. As a result of this series of test and experiments, it was 
found that; 
1. Effect of inorganic filler in terms of abrasion as compared with 
P.M.M.A. (P.M.M.A. to be 100%) was as follows. 
a) Abrasion time: 60min. 
P.M.M.A./30 wt.% china-clay: 23% > 
P.M.M.A./30 wt.% silica: 13% 
P.M.M.A./30 wt.% feldspar: 13% 
> 
P.M.M.A./30 wt.% porcelain: 10% 
b) Abrasion time: 40 min. 
P.M.M.A./IO wt.% china-clay: 89% > 
P.M.M.A./IO wt.% silica: 49% > 
P.M.M.A./IO wt.% porcelain: 47% > 
P.M.M.A./IO wt.% feldspar: 12% 
2. It is possible to make compound teeth having abrasion resistance 
about 10 times as much of P.M.M.A. teeth. 
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